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i. INTRODUCTION

One of the chief obstacles to the more widespread use of performance
testing has been the relstively greater time arnd expense required by
performance tests as compared with paper and pencil tests. Many
performance tests are individuslly administered, and require the use
of a highly trained observer and a piece of expensive equipment for
one or two days in order to administer ten or twenty items to one indi-
vidual. During one or two hours, one tcst administrator cen give perhaps
fifty to two hundred paper and pencil items to a large group of subjects
in an ordinary class room. Obviously on a time and expense basis,
paper ard pencil testis are much more gcceptable. That performance tesis
have continued to be used at ail is a testimony to strong feelings about
their usefulness,

Performance tests are ordinarily used for one or more of three
parpcses: (1) to determine whether or not the person tested possesses
certain qualities to a desired degree--acceptance testing; (2) to
determine in what areas the person tested needs further trainine--
remedial testing; (3) to enable the paison tested to perform certain
aciivities more skillfully--instructional testing.

The first of these purposes--the use of performance tests for
acceptance~-is most widely used. Typical situations calling for this
sort of testing are for the determination of: (1) graduation from a
particular course or phase of a course; (2) acceptability for skilled
employment; and (3) advancement in rating. Anytime you desire to know
whether a particular applicant passes or fails, is successful or
unsyccessfui, ic desirable or undesirable, you can use performance test:s
as the basis for acceptance or rejection.

The second and third uses of performance testing, remedial and
instructional, are seldom used outside of training programs. While they
are important, this discussion is not concerned with them primarily.

Regardless of the purpose or purposes for which they have been
designed, performance testc have been administered, ordinarily, as a
block. That is, each person tested is given the same number of performance
test items. Paper and pencil tests also have been administered as a rule
in this same manner, with every person taking the test being given the
same mumber of items. 1t is the purpose of this discussion to show thst
this is not necessarily the most economical procedure. particularls fer
peifurmance acceptance testing. Sequential sampling is proposed as en
alternative. Since sequential sampling has been used most widely in
industrial acceptance of supplies, let us take a look at sequential
analysis as it is used in industry at the present time, to see if it has
application to performance testing of people,
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Acceptance Testing of Supplies
in Industry and the Armed rorces

It is usvally necessary for any agency purchasing commodities from
some other agency to determine the quality of the products which are
supplied to it. If you set out to buy a quantity of receivers from some
vendor, you establish specifications for these receivers, and then chack
the receivers which are shipped to you to see whether cr not they are
acceptable. Oindlarly, if one section of your organizatiun produces
hydraulic fittings which will later be assembled into a gun mount, you
ordinarily will check the fitiings {c see whether they are acceptable
tefore shipping them to final assembly.

One method of determining acceptability of products is to give them
a one hundred per cent check. This obviously is impractical if the test
destroys the product being tested. But even with non-destructive tests,
most industrial concerns have adopted sampling procedures for determinlng
the acceptability of a lot (group of products). Usually the procedure
has been to determire that a certain number or z certain percentage of a
1ot would be checked, and the acceptabiiity of the whole 1ot determined
from the sample, (This is basically the same procedure we use in testing
people. If we want to determine a person's grade in a course at
Annapolis, we pick a sample of the almost infinite number of questions
we could ask about the course, and estimate the percentage of questions
he could answer frcm the percentage of questions he did answer correctly
on the test.) Note that with this procedure, the number of items to be
tested is determined before testing is begun.

Since World War II, a method of sampling called "sequential sampling"
has been coming into wide use in quaiity control in industry and the armed
forces. Essantially, this method of sampling requires that a small sample
of the lot be tested. Then on the basis of this sample, one of three
decisions is reached: (1) accept the lot, (2) reject the lot, or
(3) cuntinue testing. If it is decided to continue testing, another
sample is inspected, and «n the basis of this information plus the
information from the prececing lots, one of the above three decisions
is made. Sampling is continued until the lot can be accepted or rejected.
This method requires much smaller samples for the lots that sre extremely
good, or extremely pocer. For the few lots that are on the borderline
between acceptance or rejection, you moy sample as many or more items
than are required when avery lot is tested in exactly the same way.

Almost invariably, however, for a given degree of confidence in the results,
-"““pn** al ﬂnmﬂ"“n_g o SEYENS :'3:«-1:.: fowcs Vesis Uiau ase tequired Uy

conventional sampling., (Wald, in his book, Sequential Analysis, estimates
the average saving at about SO per cent.)

There appear to be good reasons wvhy sequential sampling, which hes
proved 8o successful in acceptance sampling in industry amd the armed
forces, can be applied with success in acceptance testing of people.
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Probable Limitations of Sequential Sanpling
Tn Testing Pecple

One feature of sequential. sempling makes it difficult to employ with
certain types of tests when you are testing people instead of commodities.
Before one can proceed from the first to the second test item in & group of
teat items, it is necessary to know the score & persor has made on the
first item, or at least whether the person has passed or failed that item.
For group tests of the paper and pencil type, a person could be taking
several items during the time required for the first one to be scored.
Thus, the chief advantage of sequential analysis, a saving of time and
expense, is lost. For individual performance tests, however, the time
required to determine a person's rating on a test item is insignificant
T in comparison with the time required for giving additional, possibly
. unneeded 1 tems.

Sequential sacpling is not as good far diagnostic or instructional
testing as are conventional tesis, becezuse for diagnosis and instruction
it is comeonly desirable to expose the student to a wide range of items,
rather than to conclude the testing in as short a time 8s possible.

This caution does not necessarily apply to acceptance taating, howaver.

For best use with sequential sampling, the separate items on 2 test
need tc be as nearly alike as possible, that is, there should be high
item intercorrelation. This is desirable in order to increase the
confidence you can place in the results of almost any test, but it is
y farticularly important with sequential analysis. In order to maximize
item intercorrelation, it appears most desirable to usc sequential sampling
o determine whether a person passes or failsa phase of a course, since
here the items will be very much alike. A final examination for deter-
aining whether a person passes or fails a long course would not be as
good, because items would cover a wide breadth of material, and would
be much less alike. The use of sequential sampling for determining whether
a person passed or failed » practical factor examination for advancement
in rating would probebly te better than an exsmination over a long course,
1 but poorer than an examination over one phase of a course.

Advantages of Sequential Sampling in Testing Peopls

When the above limitations are recognised, and necessary precautions
are observed, sequential ssmpling offers ons tremendous advantage in
testing people. Those persons who are extremely poor or extremely good
car. be rejected or accepted after a relatively short period of testing.

Vhether we recognize it or not, whensver we set up a test, we set
certain confidence limits in the rzsults. Ordinarily, the greater the
length of the test, the greater confidence one can place in the results.
When you heve decided what level of confideacs you wish, by using sequential
sampling you can test extremely poor or extremely good persons with far
fewer items than are necessary far those people who are near the cutting
point in "trus® ability. In fact, in certain situations, one or two items

14
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are as reliable for those people at the extremes of ability as ten or
twenty items are for the person near the cutting point. Consequently,
whel the cost of testing is high, as with performance tests requiring
one-ajalf to two hours per test item, a marked saving can bte made by
employing seQuential sampling at no> sacriiice of the overall reliability
standard.

In plain language, when you give the same number of items to people
of varied ability, you can place much more confidence in your test results
for those people at the extremes of ability than you can for those people
who are near the borderline between acceptance and - rejection. When you
use seguential sampling, you employ fewer test items for those people at
the extremes than for those near the cutting point, and you place
approximately equal confidence in the results for each level of ability.

L}

Summary

Performance tests as ordinarily administered require a great deal of
time and expense. OSequential sampling. as adapted fyom inducirial Guaelity
control, offers good possibilities of reducing this time and expense tor
accepiance testing. Seauential sampling involves taking a sample of
performance and then deciding whether to {1) accept the lot or person,

(2) reject the lot or person, or (3) continue testing.
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JT. SAYPLINT IN TINTING

When the ability of people is being tested, it is often a useful
assumption than an infinite number of test items are available for testing
a certain trait. For example, if yocu want to test the proficiency of an
electronics technician on the practical factcrs involved in his rate, there
is an almost unlimited nunher of perfsrmance items you can give to him.
This number of i%tems is so large that it can be convidered to be nearly
infinite.

Naturally, in any practical test we cannot give all of .the test iteus
which it is theoretically possible to give. Instcad, we have to give 3
test made up of a sample of those theoretically possible. There are &
mmber of reasons for this. Sone items may invclve too ruch experse,
same are too dangerous to personnel or equiprnent, some cannot be scored
consistently, etc. Even after we have eliminated all of the items which
are impractical to administer, another practical consideration forces us
to use only a sample of the remainder: only a certain amount of time
can be made available for testing, Thus it is safe to asczume that any
test which is administered to pcople is a test which involves only a
relatively small sample of the possible items.

Now we are not really interested in a man's ability to answer or do
sample tasks. We want to know his true abiliiy; that is we want to know
how he would perform on the totzl number of pozsible items. However, we
cannot get at a man's "true" ability except by using the sample items as
a measure of his "true" ability. .

Other things oeing ecual, the larger the sample tested, the better
the picture we get of the person!s true ability. It is not at all uncommon
to find one hundred or more items included in one paper and pencil test.

So many items are used in an effort to toost the reliability of the test
to get a more accurate idea of the man's true ability.

-

In most performance testing, however, it is impractical to give more
than ten or twenty test items because of the time required per item, and
because the test must usually be administered on an individuel, rather than
a group basis. The chief reason performance tests continve to be used is
because peopie ordinarily feel that they measure very importent aspects
of a person's job that cannot be tapped by paper and pencil tests.
Ohviemsly, thoush o performance 65t must invuive only a sampiing just
as any other test. And if this sample does not give a gcod picture of a
person's "time" perfarmance, it is worthless. Thus we must mike a com-
promise between a very long performance test with many items in the
sample and a short performance test which will not interfere with other
needs of the testing agency. .

FXN
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Fortunately, if our need is for acceptance testing, the problem is
not quite so acute. In acceptance testing we do not need to g=% a complecte
picture of each man's "true'" ahility, We need only to deterwine whether
he is above or belcs some stancard. That js, does he or does he not make
a passing mark. Hcwever, we dc need to makz sure, with a reasonable degree
of confidence, that those persons whose true ability is above the cutting
point are passed, and those whose true ability is below the cutting point
are failed. Conseauently we rust s8till be concerned with test reliability.

For meny purposes it is more convenient to think of a concapt
labelled "rrobability of acceptance" than to chink of "reliability" when
we are discussing acceptance testing. Prcoablility of acceptance can be
abbreviated P,. One way of looking at probability of acceptance is to use
the so-called "operating characteristics curwve."

The Operating Characteristics Curve

Ideally, vhen we set a "cutting score" (sometimes called a "passing
mark" or "borderline between acceptance and rejection"), we want an
operating characteristics curve like that shown in Figure 1.

This ideal curve would have a vertical line immediately above the
borderline between acceptance and rejection. If it were possible to get
such an ideal curve, and the "cutting score" or "passing mark" were set
at 70, one hurdred per cent of those who could make a score of 70 or
better on an infinite number of such items would be passed (accepted),
while all those who could make a score of less than 70 on an infinite
mumber of such items would Le failed (rejected). Note that the horizontal
axisd iefers to the "true" score an individual would make on an infinite
number of items, not to the score he would - ake on a practical test.
Figure 1 is a theoretical curve probably never encountered in practicc.
Yet it is the sort of curve we want to strive for in acceptance testing.
(Incidentally, a perfectly reliable acceptance test would show a curve
like that in Figure 1. And we should remember that reliabiiity places
an upper limit on validity.)




FIGURE 1

Ideel Operating Characteristics Curve for
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Perhape it will help us to get a better picture of the orsrating
characteristics curve if we lcok at some CC curves for conventional tests
of a length commor.ly used in perforpance testinz. Figures 2, 3, and |
Show & Beries ol operating characteristic curves for rive-item tests

Foisson Approximation of Cperating Characteristic Curves
for Firxad Ler-<h (Conventional) Tests, (ad2ptad frem

Grant, Statir sical Suality Conirsl, page 323 and Tadle G)

Verticel axis = % of students passed
Horizontal exis = True score, in § of items correct

100
FICURE 2 8o \
Fig. 2 - Five 60 \\
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with passing mcr«s of 60%, 80% and 100% respectively. kach person tested
has been given all five of the items., Each of the items cn these tests
has been scored as either pass or fail. MNote that in Figure 2, if you
had a group of people whose "irue® score was 70, only 80% of these
people would be accepted (pass the test). Moreover, if you had a group
of people whose "true" score was only LO¥X, approximately LOE of them
would be passed, even though their true score was far below the cutling
score set for the teat. Figures S, 6, and 7 present similar information
for a series of twenty item tests with passing marks of 60%, 80%, and
100%. Each person tested has besn given all of the twenty items, and
each of the items has teen scored on a pass-fail basis. Here the picture
is somewhat better, but it i= still a long way from the ideal curve
Shown in Figure 1,

Vertical axis = £ of students passed
Horizontal axis = True score, in § of items correct

100 b———-.

FIGURE 5 80
Fig. 9 - Twenty 60
items in test, \
Passing grade, Lo
20 3
0 T -
lOOb\
FIGURE 6 8o
Fig. 6 - Twenty 60
items in test,
Passing grade, Lo
80% \
20 :
0 .
I B0 & L0 2070
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FIGURE 7 51 -

i
Fig. 7 - Tweaty 6q
items In test, !
Passing grade, ud \
100%

Other things oeing equal, the larger the number of items on the
test, the closer the CC curve will approach Figure 1. The reason for
this is that with a small number of items, there is a good chance that
several of the items on the test happen to be among the few tnat e person
of poor ability knows. Conversely, if there is a small number of items
there is a good chance that several of the items on the test happen to
be among the few that a person of great ability happens not to know.

With a large number of items, this chznce factor becomes less important.

The concert of the operating characteristics curve is one of the
most important in acceptance testing. Without it, one is apt to fall

into the common error of accepting test results as being necessarily
a true picture of a man's ability.

Summary

Any test should be regarded as a sampling of 2 great number of
possible test items, and consequently test results are not necessarily
a good picture of a man's true ability. The operating characteristics
curve helmm to show this discrepancy in acceptance testing. Other things
being equal, the longer the testi, the more reliable the results.
Performance tests, however, are by nature limi ted in length, and some
compromise must be reached with reliability.
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I1T, CHOOSTNG A SEQUENITAL SAMPLING PLAN

A1l sequential sampling plans which are now used in industry are
alike in that they can be represented by the general type of chart shown
in Figure 8. As each item is given, the person's cumulative score is
plotted above the item ruumber. Testing continues until the graph runs

FIGURE 8

Graphic Presentation of a Sequential Sampling Plan

Score

5 6 7 8 9 10

Number of Items Tested

outside the two parallel lines into the "accept" area or the "reject" area.
That ends the test. In the example shown in Figure 8, a small score vass
made on item number one; approximately the same score was earned on item
two, but on the third item a score of zero was received, and the test
ended with the rejection of the person tested. The slope and origins

of the two lines determine how rapidly this will occur. (Because of the
fact that most performance test items differ in difficulty and in
discriminative value, a modification o Figure 8 is proposed fur use in
testing people. This modificstion is described in the next chapter.)




B W |

ShoNE

Information Needed for Choosing a Sequential Sampling Plan

Two sorts of informetion are needed befcre a sequential sampling
plan can be chosen for testing people: (1) what constitutes an acceptable
and an unacceptable person; and (2) whav riske are you willing to take
of accepting a "poor" person and of rejecting a "gocd" person.

Acceptable and Unacceptable Persons #

Ordinarily when a test is given for purposes of accepting or rejccting
individuals in a group, sSume sort of passing score is used. All of those
who score above this cutting point are passed, and all of those below sre
failed. However, when sequential analysis is used, two points are used,
rather than a single cutting point.

One of these points may be described as the lower limit, or lowest
Score characteristic of the really good people. This point may be
designated as my.

The other point may be described as the higher limit or highest
score characteristic of the really poor people. This point may be
designated as 5. For example, the lower limit of really good people
may be set as a score of 70 on a particular test, while the upper limit
of really poor people is set as 50. In this case = 70, and mp = 50.
The scores between and form the “zone of imiiiference” and are
characteristic of pedple who are neither really good nor really poor.

This determination of the lower limit for really acceptable people,

ard the upper limit for really unacceptable people is the first decision
that must be made in choosing a particular sequential sampling plan.

Probability of Acceptance

Any sampling plan, whether it is a traditionsl test, a common
performance test, an industrial inspection s¢heme, or a sequential test,
involves certain risks. These riske are grimarily due to sampling errors
as discussed in the previous chapter, plus errors due to the instability
of a man's performance from time to time. The second decision that muat be
made in setting up a sequential sampli.ig plan iavolves the determination of
the risk that you are willing to take for each of the two points discussed
in the preceding paragraphs.

# The assumption is made throughout this discussion thrat all people
at one end of a scale of ability are acceptable amd all those at the other
erd of the same Scale are unacceptable, This is the ueual case in perform-
ance testing. If, however, you wished to accept only those people who
were not too high or not too low on a scale (such as {finger dexterity),
much of the following discussion would not apply.
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Naturally you want to be certain cf accspting practically all of the
"good" people, and certain of rejecting practically all of the "poor"
people. However, the more certain you are, the greater the number of
test items recuired. In the example above, if you are ready to take
the risk of rejecting 5 out of 1GO people whose true score (my) equals
70, the probability of acceptance of mg would equal .95. In other words
you would be willing to buy a plan which in the long run would guarantee
your acceptance of 95% of the peop]e whose true score was 70. (This
would be abbreviated Pag = .95, = 70, which may be interpreted ac:
the probability of acceptance equals .95 when the true score equals 70.)

Similarly, if you are willing to take ithe risk of accepting 20 out
of 100 people whose true score (mp) equals 50, the probability of acceptance
of mp would equal .20. In other words, you would be willing to buy a
plan which in the long run would guarantee your acceptance of only 20%
of the people whose true score was 50. (This would be obbreviated

Pap = ,20; mp = 50.)

The closer Pap is to zero, or the closer Pag is to one, the more
lest items you wilg need to admimister. That is, the more certain you
want to be in your judgments, the more it will cost you.

Note that in the example above, Pag was closer to one that PaE was
to zero. We wanted to be more certain of getting all of the "good
persons than we wantec to be certain of rejecting all of the '"poor"
persans., Thic is the usual situation when many men are needed, particu-
larly when there are going to be other opportunities later on of weeding
out the poor people who were inadvertently accepted. However, there is
nothing to prevent the risk of accepting from equalling the risk of
rejecting mp (for example, Pag = .90, and Pap = .10). Or when there is
an over supply of men, or when the acceptance of a poor man may mean serious
consequences such as ¢the failure of a mission, the risk of accepting poor
men may be set lower than the riek of rejecting good men (for exumple,

Pa, = .80, and Pa, * .001). During World War IT, the Office of Strategic
Services had many men to choose from and vital missions to perform, so
they were willing {o take the chance of rejecting mary good men, provided
that they could be reasonably certein of getting very few poor ones.

The choice of mg, my and Pap determines the operating
characteristics curve of the gequentiag sampling plan.

Means of Reporting Scores

Performance test data are usually available in a variety of forms,
With & simple method of scoring, results may be reportad as "naasg" or
"fail". More precise scores are ususlly expressed mumerically, with as
many as one hundred or more different grades possible for one test item,
Sometimas letter grades are used in ieporting ccores.

.- - . — b el A .l gl il Pl 7N NP 3 hd ha o
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The method of reporting scores, whether numerical, letter, or word
grades, is relatively unimportant. It is importsnt, however, to consider
the number of scores which students actually can make on a testi item.
Other things being equal, it is possible tc lsarn much more about a
student's performance if he can make any one of five possible scores
cn an item, than if his performance is reported as either "pass" or
"fail". As one would expect, for a given mg, mp, Pag, and Pap, it
ordinarily requires far fewer test items to determine acceptance when
five or ten scores are given on each item than when only two scores
are available.

There is ordinarily a practical limit to the number of test scores
which should be attainable on any one item. If more than about ten scores
are reported, the calculations necessary for sequential analysis become
rather laborious. If, for example, time in secoands required to performx
some task were used as a grade, those Scores which students actually
attain can be grouped to bring the total number of scores within a
reasonable limi t,

As is usually the case, however, other things are not always equal.
Sometimes you are much surer of your judgments in evaluating a performance
item if you report it as passed or failed, rather than in terms of a
score. Many times it is much quicker to score an item as passed or failed.
A commorni example is in the use of objective and essay type paper and pencil
examinations, Objective questions are almost invariably scored as either
right or wrong. Essay questions could be graded with a score, or as
pass-fail, but are usually given a score. 7Yet objective questions are
widely used because they are easier to score and because they can be
administered more rapidly. It is recommended as a general rule that
five or more scares per item be used in sequential analysis whenever
practical, and that when more than ten scores arc used, scores be grouped
to provide somewhere between five and ten intervals,

Item Intercorrelation and Difficulty

The original use of sequential sampling was in acceptance inspection
for the armed forces. In this type of sampling the problem is to determine
whether a lot is acceptable by testing a sample from that lot. This
involves making the same test on each of the products in the lot. When
you determine & person's acceptabiiit; s a trouble shooter on radar
gear, the problem is to determine his acceptability by testing him on a
sample of radar trouble shooting proolems. The totel range of that
person's trouble shooting ability is comparablc ¢z the industrial lot;
the groaup of trouble shooting items you give to that person is comparable
to the inspection sample drawn from the industrial lot; and one test
item for that person is comparable to a test of one piece from the

industrial inspection semnle,
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This analogy breaks down somewhat on the last comparison. &Esach
piece in the industrial inspection sample is given exactly the same test.
In most cases we carmnot give one perscn a series cof teet items exactly
alike, for if he knew the answer to one of them, he wculd know the answer
to all. We would really be giving him only one test iiem a number of
times. (This would be all right if we were testing a basketball player's
ability to shoot free throws, but where any sort of problem solving or
progressive learning is important in the test, it is impractical to
repeat identical test items.)

In practice if we want to measure trouble shooting ability of a
certain type, we prepare several different trouble shooting test items
which are very similar. All of them would involve trcuble shooting
on a particular type oi radar gear, for example. If, through this
procecGure, you obtain relatively high item intercorrelation, a large
part of your problem is solved. However, it is also necessary that item
intercorrelations be insignificant when the criterion score (internal
or external) is held constant.

One further step is necessary in order to insure equal difficulty
level. 1ln the indust:i«l inspection situation, each test on each com-
modity in the sample is of equal difficulty, since each test is the
same. This is not true of the usual type of item which must be chosen
for testing people. Even though you obtain high item intercarrelation,
some test items will be much easier than others., It is particularly
importent that this be taken into account in sequential sampling, for
if several very easy items were chosen by chance to be the first items
administered, and no adjustment were made in scoring, practically every-
one tested would be accepted right awsy.

One possible solution for the problem of item difficulty is to
convert test scores into some standard score such as the "T" score.
An even simpler method of compensating for item difficulty empirically
is described in the next chapter.

The Average Sample Size Curve

In sequential analysis, unlike mcst methods of testing, there is
no way to know in advance how many test items are required for determining
the acceptability of any one person. # It is possible, however, to
determine the average sample required. The curve showing thia information
is known as sn "Average Sample Size Curve".

# In practice a decision is ususlly mede to stop testing after a
certain number of items; ond to declare the person tested to be accepted
(or elternatively, to stop testing after a certain number of items, ond
to declare the person tested to be rejected).

i - = s i e T SR DTN o PN TSVt e SRR
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The Average Sample Size curve has a characteristic shape. (See
Figure 9.) The largest number of items is required in testing persons

FIGURE 9

Typical Shape of Average Sample Size Curves
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who are not "good" or not “poor" (those who are between mg ard o, in
ability). The height of the curve is determined by Pag ard Pap, the
probebility of accepting "good" and "poor" persons, respectively. Its
position over the base line is detcrmined by mg and mp. The procedure
for computing the average number of test items requirea for a particular
sequential sampling plan is presented in the next chapter.

Summary

The choice of a sequentisl sampling plan is determined by decisions
as to (1) what constitutes an acceptable and an unacceptable person; and
(2) what risks can be tsken of sccepting a "poor! person and of rejecting
a "good" person. Ordinarily, a person should be alble to make cne of five
or more scores on sny one test item. The number of items required for
testing a particvlar person can never be known in advance, but the
average number of items required can be detesrmined.




SN

a

IV. TENTATIVE SUGGESTICNS FO

PUTTING A OSEQUENTIAL SAIPLING PLAN INTO OPERATION #

It i8 assumed that a performance test has been constructed according
to accepted principles such as those outlined in standard reference works
in this field.l A few more test items should be plenned than will be
needed in the finel form of the test.

o
‘

It is further assumed that tentative decisions have been reached as
to Pa, and Pap, the probability of acceptance of good people, and the
probagility of acceptance of poor people. These decisions should be made
in accordance with the principles described in the preceding chapter.

Tentative Standardization of Test Item=

Y,

Arrangements should be made to administer all items of the test to a
group of people in order to determine item difficulty and item discrimina-
tion. The people chosen for this purpose should be a random selection from
a population similar to those who will later take the test. If, for example,
you plan to use the performance test at the end of the radar phase of the
Class A school for electromics technici-ns, your standardization group
should be a random selection of students in this course who have just
finished the radar phase.

Each performance test item should be administered to each member of
the standardization group. (It is desirable to administer all of the
even numbered items, followed by all of the odd numbered items to half
of the standsrdization group. The other half of the group would tske
the cdd numbered items first, followed by the even numbered items. A
test of significance of difference of mean scores should be computed

o et mate ) o VY
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# The rationale for the empirical determination of item discrimina-
% . tion and item difficulties described in this chapter was developed
| independently by Dr. lee J. Cronbach of the University of Illinois and
| by Dr. Jacob Wolfowite «f Columbia University. The mathematical {ormulae
used here are those developed by Wolfowitz, based on the work of
Dr. Abraham Wald. However, the description of the processes used is
the responsibility of the present author, and any errors should be
ascribed to him alone.

1. Adkins, Dorothy C., Construction and Analysis of Acnievement Tests,
1947, Superinterndent of Documents, Washington, D.C.
Micheels, W. J. and Karnes, M, R. Measuring Educational Achievement,
1950, McGraw Hill, New York.
U. S. Navy, Constructing and Using Achievement Tests, NAVPERS 16808.
19k, Bu:zau of Naval Personnel, W=shington, D.C.
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in order to determine whether it is tenable to assume that there is no
arypreciavie amount of progressive learning occurring during the test.
a. If this ‘]J!_,V\,“eg‘u i W¢nnek1n’ tha standardization scores
should be based or the performance of only sne-half of the
standerdization group, and in the futuve, tesi items should
i be sdministered in exactly the same orcer they were taken by
the standardization
b. YT this hypothesis 1%2 ble, the magnitude of the difference
in mean scores should be inspected. If the difference in
mean 8scores is relatively lairge, and the N is small, you may
wish to consider the null hypothesis untenable, even though
4 this has not been demonstrated statistically, and hence
A administer the test items in standard order. If the N is
reasonably large, and thie difference in mean scores is relatively
smali, standardization scores should be based on the perform-
ance of the entire standardization group, and in the future,
test items can be administered in any order.)

After the proposed perforrance items have been administered to the

s stanaardization group, the next step is to decide who are the '"good" men

3 ard who are the "poor' men.

: a. Total eacn man's raw score.

b. Arrange totsl scores in numerical order, with desireble scores
first. Presumatly, if the test is valid, the ''good" men will
be at the top, and "poor" men at the bottom.

c. Determine the score which separates the "good" men from those
who are mediocre. This score is designsted mg. Determine the
score which separates the really "poor'" men from those who are
mediocre. This score i8s designated B, (In most school sitna-
tions, "good" men will be those who would score "A", "B", o
"C", and really "poor" men would be those who would be failed.
Mediocre men would be those who would receive a grade of "D".)

d. Put the names of the good men in one list, and names of the
really poor men in a second list.

The last step in the standardization process is the determination
of the discrimination scores for each item. The discrimination score may
be sbbreviated Dg, and i8 determined by dividing the proportion of poor
people making a certain score on one item by the proportion of good people
meking the same score on that item.

a. Group the raw scores that it is possible to make on item number

one, so that you have between five and ten groups.

b, Tabulate the number of good people who fall into each sccre
group on item number one, Determine the proportion of good
people in each group.

c. Tabulate the mumber of poor people who fall into each score
group on item number one. Determine the proportion of poor
peoplie in €ach group.

d. For each raw score group on item number one, you should have
two proportions, Divide the proportion found in "e" above by
the proportion found in "b" above. (That is, divide the pro-
portion of poor people in a certain score group on an item by
the proportion of good people in that same score group on that
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item,) The quctient is the discrimination score. This process
converts each raw scare into a c¢iscrimination score (Dg). These
Giscriminaticn scores con range in value from zero to infinity.
Repeat steps "a" through "d" for each test item,
Check item number one to make sure that the discrimination scores
form a sequence from high to low, with no reversals in value, and
no Dg values of infinity. If there are reversals or values of
infinity, employ curve smoothing to eliminate them, Curve
smoothing may be done by plotting the Dg values and drawing a
smooth curve by inspection, or by
(1) averaging the proportions of good people in each set of

three adjacent cells;
(2) averaging the proportion of poor people in each set of

three adjacent cells;
(3) computing the Dy values from these averages.
Consider the following example:

Jtem Number One

Raw Good People Poor People Ds
Score Number Proportion Number Proportion
1-20 1l .05 10 .67 10.00
21-40 0 .00 1 .07 infinity!
L1-60 b4 .20 3 .20 1.00 '
61-80 8 40 "1 .07 .18
81-100 7 35 o .00 .00 :
total 20 T .00 15 1.01 '
l i

There is a reversal between the Dg corresponding to raw scores
of 1-20 and raw scores of L41-60, since the Dg values are not
in numerical order. loreover, there 1s one Ds value of infinity.
We can smooth these figures by recomptuiting the proportion of .
good people who made raw 8cores of 2i-LO by averadging the
original proportion, ,00, with the two_proportions on each.side
of it, (.05, corresponding t¢ a score of 1-20; and .20 corres-
ponding to a score of L1-60). This will yield.an average -.
proportion of .08, Repeat this for each.of.the proportioms.
for both good and poor people using three adjacent proportions
‘for each average. (For the highest and lowest scores, there
are no data available for the'third proportion. In this case,
it is usually best to-assume that thé -unknown proportion is

the same as the last known proportion. Thus the smoothed
proportion of good people corresponding to a raw score of
81-100 would be the average of .LO, .35, and .35.)
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If this procedure is- followed, the example would appear like this:

Item Number One

: Raw Good People H Poor People ’ Dg i
| Score Proportion Proportion |
i s
i 1-20 .03 L7 15.7 '
‘ 21-40 .08 Jl 3.88 |
| L1-60 .20 A1 .55 l
' 61-8 32 .09 .28 4
' 81100 .37 .07 .05 i
‘ total | 1.00 1.01 ! !

Occasionally, it may be desirable to go one step further, and

employ curve smoothing on the Dg values.

Reversals of the type described above are caused by too small a

standardization sample, or by items which are unrelisble.

Ideally, items which show reversals shoculd be discarded, ut

in view of the small samples normally avsilsblc for imitial .

standardization, curve smoothing vill usually give interpretable

results., However, if the poor men meke better scores than the

" -good men, the item Should be discarded, at least until more. -
data can be obtained.
g. Repeat step "f' for each test itenm.

Discrimination scores obteined on the items wiich are retained
after the original standsrdization process should not be
regarded as fixed values, but should be corrected as additional
data become available during the use of the test.

Computation of A and B

In the previous chapter, considerable attention was paid to Pa, and
Pap, the probability of acceptarnce of good and poor men, respectivefy.
These values are used in computing A and B, which are the 1limits for
discrimination 8cores, and determine vwhen a person is accepted, rejected,
or when additional testing needs to be done. These relationships are
rather simple:

B* Pap = Point of acceptance

g
A= 1-Pap = Point of rejection
I~ Pag
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TABLE 1

of A ard B for Common Values of

Pag and Pap

Probability of
Acceptance of

Probability of
Acceptance of

Good People Poor Peaple
Pag Pap A B
.99 40 60.0 0.L04
.30 70.0 .303
.20 80.0 .202
.10 90,0 .101
.05 295.0 051
.95 .10 12.0 0.h21
.30 4.0 316
.20 16.0 2211
.1¢ 18.0 .105
.05 19.0 .053
.90 Lo 6.00 0.hul
.30 7.00 .333
.20 8.00 .223
.10 9.00 J11
.05 9.50 056
.85 L0 L4.00 0.471
.30 L.667 .353
.20 £.333 .235
.10 £.00 .118
.05 6.333 .059
.80 L0 3.00 0.5
30 ‘3.5 .375
.20 Lo .25
.10 L.S .125
005 b075 0063
.15 Lo 2.4 .533
30 2.8 b
.20 3.2 267
.10 3.6 133
.05 3.8 .067

- _ gl TR e i
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For example, if the probability of acceptance of good men were set
at ,95, and the probability of scceptance of poor men were set at ,20,
A and B could be determined as follows:

B= Pap = .20 = .2i
Fa_ 95
8

A= 1-Pap = 1-.20 = .80 = 16.0
T=-Fg 1-.5%5 O

S Values of A and B for a variety of common values cf Pa, and Pa, are
g P
shown in Table 1,

Scoring Performance Items
During Routine Test Admnistration

As each man completes a performance test item, his raw score is
determined, and then converted to a discrimination score, using a conversion
table based on the standardizatiocn process described above. His discrimina-
tion score is then compared with the values determined for A amd B. This
will result in one of three actions:

l. If the man's discrimination score is equal to or greater than A,
he i3 imneliately rejected (flunked), and takes no more test items.

W B YUY WA e

2. If the man's discrimination score is equal to or smalier than B,
he is immediately accepted (passed), and takes no more test items,

T, ., YT

3. If the marn's discrimination score is between A or B, he proceeds
to the second test item.

Suppose that for a particular man; action 3 i8 indicated. After he
has completed test item number two, his raw score on this item is deter-
mined, and converted to a discrimination score. Since a man's score
in a sequential test is based on all of thc items he has taken previously
during the test, wed§gl;}§%x the discrimination score he made on the
second item by the disc nation score he made on the first item, and
compare the result with A and B. This :.:11 again result in one of the
three actions outlined above.

R .

Suppose that after the second test item, action 3 is indicated again.
Test item number three is admini stered, e discrimination score determined,
and multiplied hy the product of all mrevious discrimination scores (Dsg
for m-LoneTDs for item two, X Dgfor item three) and compared with A
end B.

This process continues until the man is either accepted, or rejescted,
or untii no more teust items are available. If no more test items are
available, the man is declared to be accepted, if there is a critical need
for men; or rejected, if there is not a critical need for men.

P s s e o . o S o e B )
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Example of Procecures
In Sequential Analysis
Ten periormance test items on trouble-shooting tne SUlb radsr were
yJreparad ana administered to fifty-seven students vwho had just completed
the redar section of a Navy Class A electronics tecnnicians school. The
| following total sScores were obtained:
118 96 " 62 56 3¢t
‘ 132 93 (" 62 56 3k
3 130 90 T 61 55 3L
l 123 8y 3 60 5L 30
E_ 115 88 72 59 Sk 29
L 1l 38 70 59 €1 27
E 110 87 69 59 L? 25
B 102 80 66 56 L1
T
98 76 65 5& 36

High scores indicated good performance.

It was decided arbitrarily that sll men who scored above 58 were
definitely good men, and that all those vho scored below 37 were defini tely
poor pea who needed additional training.

Discrimination scores were determined for item number one as fellows:

Item Number One

i Raw ' Good reople ) Poor People I Dg = Poor Prop.
E Score Nurcter  Proportion | Number  Proportion Tood Prop.
0] 11 .30 6 .67 2.23
3 6 .16 3 .33 2.06
6 2 .05 o .00 0
12 2 .05 0 .00 0
18 5 L 0 .00 0
2l 6 .16 0 R 0 ,
, 30 ' 5 b ) .00 o :
. total 37 1.0C 9 | 1.00
! : H
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Similer proceaures were followed tor the remaining nine items, and

-2y -

the following discrimination scores were obtsinred:

Item No. Two Item No. Three Item No. Four
Raw Ds Raw DS ~ Haw DS
Score - Score - Score -
07 1.57 -0T 2.2 “07  L.Wo
1-6 1.37 1-6 2.05 2 1.57
8-10 .29 8-10 .19 L-6 U
8 92
10 0
Item No. Five Item No. Six Item No. Seven
Raw  Dg Rew Ug ‘Raw Dg
Score . Score - Score -
T0-37 2.17 =0T 2.97 -0 2.1
5-12 .79 L-8 .58 L-8 1.38
18-30 0 12-20 0 12-20 37
Item No. Eight Item No. Nine Item No. Ten
Raw Dg Raw Lg Raw Dg
Score  __ Score Score  _
0T 2.33 T0-2~ 2.L8 T0-37  1.59
2 1.38 L 2.20 6 1.38
8 1.00 8-12 .09 12-18 1.00
12-20 0 16-20 24-30 0

Since there were only nine "poor" people in the sample, these dis-
nimionndd Ao

iminstion values are vegardsd as unly tentative., 7They should be cor-
rected as additional data are availatle.

(3]

Application of Ds Values

Jf 4t were decided to use these particular performance test items
in somc future testing program the drocedure would be ag follows:

a. Determine Pag sand Pap  Suppose that since the Navy needed all
of the good FT's it could get, a decision was made to risk
failing only S per cent cf the good men. Thus the probability
of auceptance for good men {Pag) would be .95. Since there

would be further opportunities for screening men at later dates,

it might be decided to tske a risk of accepting 20 per cent of

the poor men. Thus the probability of accepting poor men would
u .20. ’

Referring to Table I, these figures give an "a'" of 16.0, ard a "B"
of ,211.

b. Give one test item to the first men tested. The first man
tested could be given any one of the ten items. (Suppose that

item number five were used first, and the :nan made a raw score
of two on it.)

-l

-

___,.1_
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¢c. Dletermirne the Lg value cf the raw score made on the item just
tak=2n, (The Dg value of a raw score of two on item number five
Sron the precedinc tahlez is 2,17.)

d. lo—.ure this Dg v lue «-th the A and B determined in step "a"

“.oabes .. Stop tesiitg at reject the man’if the Ns valoe is
equel to or greaicr than A, Stop testing and z2ccept him if
the Dg value 1s equsl to or smaller than B.

Since 2,17 is between 16 and .211, we would contihué testing our man.)

e. If the decivion is to continue testing, administer a second itewm,
an¢ 1epez’ step "c" asbove. (Suppose that item number three was
adninisterecd, and a raw score of five obtained. This would
g ve a Dg value of 2.05.)

€. W% ply the Dg values for the first and second ilems taken,

& ~-.ot step "d" above. (2.05 times 2.17 is L.8S, so the
decizion i3 to contimue testing.)

g. If arditional items sre needed, administer them one at a time.
#ultiply ‘e Dg value for the latest item taken by the result
of all pre-ious multiplications of Ds values. After each item,
repeat step "d" above. (Suppose that the third itcm administered
was item number four, and a raw score of zero was obtained.

This has a Ds value of L.4O. L.LO times L.85 {chizincd in step nfm)
is 21.3L, so the man is rejected and testing stopped.)

Suggested MHod:ification of Scoring Performance Items
During Routine Tect Administration

Cronbach has suggested that fewer errors are apt to result during
routine test sdministration if logarithms of A, B, and Ds values are used.
If this procedure is employed, Dg values can be added instead of being
multiplied. A simple experiment with personnel of the type who will
administer the performence test should quickly indicate whether errors
of multiplication or errors of addition (using positive and negative
numbers) sre most important.

Estimating an Operating Characteristics Curve

The vperating characteristics curve 18 a graphic representation of
the efficiency of sny test., Its use was described in Chapter II.

For most practical purposes, the operating characteristics curve for
a sequential sampling plan can be determined from four points. Two of
these, Pag - P, and Pap - Pp, have been determined previously. The otter
two are establfshed by the facts that people who have zero true ability
will never be accepied, and that peopis who have pcrfect true ability will

always be accepted.,

o |
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If Pag = .95, mg = 58; and Fap = .20, mp = 37, the operating
characteristics curve would appesr o Juilows:

Operating Characteristics Curve
For Sequential Sanpling Plan Determined By

Pag t .95, ng = 58, Pap = 20, mp * 37

| 100 — -
90 /

80 /

. ,-f

50
Lo /

30 1
20 | //

12 /

¢ of Students Accepted

<C 10 &0 80 100 120 L0 160

Students' True Score

If additional points on the oc curve ore neededa for increased accurscy,
they may be obtained through a process outlined in Sequentisl Analysis of

Ststistical Data: Applications, 1945, Columbia University Press, pages L.19

-4.23.

This process consumes a considerable amount of time. It is usually
unnecessary to graph even the simplified oc curve shown here except when
the effects of choosing different mg, mp, Pag and Pap walues are to be

compared.
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Cornutation of Average Sample Size Nequired

comvletc average sample size curve for a given sequenti:z. ocampiing
be dctermined from foriilae described on nages 4.20-0.22 =f the
University publication dcscribed suo.i:. For ordinary purposes,
the average sample size can be determined empirically from data

by the standardization group.

procedure for this determination is as f{ollows:

Complete the administration of the test to the standardization
group, and calculate A and B from your determination of Pap and Pag.
Consider one man at the time from the standardization group.
Multiply accumulatively the Dg value he obtains on each test item.
Starting witk item number one, go through each of the items he
tock, and determine the item on which he was first failed or

first accepted. If this was on the fifth item he took, record

the number five.

Lo the same for each man, and determine the average mumber of

items it took to reach a decision,

You should be prepared to administer about three times the average
number of items required by the standardization group. If this valuc is
too large, lower A or raise B,

For example, if John Doe, in your standardization group, had the
following scorea:

Cumlative
Multiplication
of Dg Values

Sequence in Dg
vhich Items Value
Were Taken

2.1
loh?
5.4
13.88
S5.82
222.1
66.6
133 .2
226.4
769.8
1308.7
2355.7

n
.

oNEFYowoOoOLUELH

o o

z:’s\O@NO“U'\L"\»NH

W EENDW
*

12

If A were &U, and B were .05, this person would be rejected on the
fifth itenm.

Note that the average sample size will increase if A and B are farther
spart, and will decrease if A and B are closer together.

The above proccdurz will be satisfactory if items are administered in
the same order as was used in the standardization procedure. It will
probably be satisfactory, even if the order of administrstion is changed,

provided that each of the items has approximately the same discrimination value.

N XL
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Alterpsiive Procedure for Calculating
Average Sample Size #

A consider=bly more accurate, but slightly mcre involved procedure
would involve thc computation of the geometric mean cf Dy values for each
man, and a determination of the power to which this mean would have to be
raised in order to approximsic the A value used for the poor group. and
the B value used for the good group. (This procedure is not applicable
if any of the smooined Dg values are zero or infinity.)

Complete the administration of the tesi to the standardization

a.
group, and calculate A and B from your determination of Pap and Pag.
: b. Determine log A and log B.
c. Determine the log of each Dg value in your smoothed standardization

data.
| d. Calculate the log of the geometric mean of Dg values earned by

the poor group.

Log geometric mean of P Lo% Dg poor group
Dg values for poor group 0. of men in poor group X
No. of ltems per man

|

|

f

|

[

|

I} Calculate the log of the geometric mean of Ds values earned by
;" the good group.
f

i

[}

Log geometric mean of - £ Log Dg %ood group
Ds values for good group No. of men in good group X
No. of i1ters per man

Divide log A by the value obtained in "d" above., This is the
average number of items reguired to fail a poor man.

Divide log B by the value obtained in "e" above. This is the
average number of items required to accept a good man.

h. Multiply the value obtained in "{f" above, by the proportion of
poor men. {If you have 10 poor man and 4O good men, the
proportion of poor mer is .20; disregard the "indifferent" men.)
Multiply the value obtained in "g" above by the proportion of
good men,

j. Add the values obtained in "h" and "i" above. You should be
prepared to administer approximately three times this number of
test items to some men. If this value is too large, lower A

: or raise B.

I AR Vg
o
.
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# This procedure, based on information theory, is suggested oy
frcavach.,.
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Determination of Minimum Number ox Itexs
Required to Pass or Fail a Testre

Te determine the minimum number of items necessary to fsil a student,
arrange the five or six highest Dg values in rank order. If the largest
Dg value is larger than A, a person can be failed after takirg only one
item. If the largest Dg value is smaller than A, multiply it by the
second largest, and again compare with A, Continue until a value as
large or larger than A is cbtained. The mirimum number «f items necessary
to fail a student is equal to the number of Dg values multiplied together

to exceed A.

To determine the minimum number of items necessary to pass a studeat,
arrange the five or six lowest Dg values in rank order. If the smallest
Dg value is smaller than B, 2 person can be passied sfter taking only one
item. If the smallest Dg value is larger than B, multiply it by the next
smnllest, and again compare with B. Contimue until a value as large or
larger than B is obtained. The minimum number of items required to fail a
student is equal to the numober of Ds values multiplied together to reach

a value less than B.

Sunma:z

Sequenti al sampling appears to be useful in testing, whenever:
1. Testing time per test item is high in relation to the time
required to score each test item, and
2. The test is primari ly designed to determine whether a person
“passes'" or "fails", and
3. There is a need for testing more than about ore hundred persons
on the same test, either in one group or in a mumber of groups, and
L. There is negligible correlation between items when criterion
scores are held constant,

Sequential sampling takes item difficulty and item discrimination
i1 .0 account when discrimination score values (norms) are established.

Saquential sampling can readily be adapted to changing standards of
accepting people, with no revision of the norms previously set up.

Ordinarily, sequential sampling will give about the same accuracy
as a fixed lenpth test, with about half of the testing time, and about

half of the iesting cost,

Y7
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APPENDIX
Results of Sequential Sampling Compared with
Administration of a Fixed Length Test

Ae a check on the efficiency of sequential sampling, the Dg values
obtained from the standardization process described in the last chapter
were applied in sequential fashion to the scores obtained. The following
results were obtained, using A = 16, B = ,211:

UAN TOTAL CLASSIFICATION CLASSIFICATION NO. OF
NO. RAY SCORE ON TOTAL RaW ON SEQUENTIAL SEQUENTTAL ITEMS
SCCRE SCORE REQUIRED
L7 148 good pass 1
hé 132 1 n 1
2h 130 1" " 5
19 123 n n h
h} 115 [] " 1
36 m n n 7
10 110 " " 2
27 10% n " 1
50 102 " " 2
35 98 ) L 5
h 96 1 n h
8 9 n " 3
5 90 n " 7
hl 89 " 1" h
51 88 " n 6
1L 88 " " 7
,JB 8? 1"t n h
32 8L B y 5
23 80 1" " 7
6 76 n " 7
16 7h " n L
17 7’4 n " S
Lk (0 ; " 1
39 73 " " L
20 72 " n 10
21 70 " " 5
29 69 " fail 7
h9 66 " pass 3
11 66 " " 3
; 55 65 ; 9
38 62 L fail 3
‘ 15 62 U pass 10
3L 61 . " 2
7 60 & " 2
1 59 n 1" 2
26 59 2 fail 5

T~ e
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MAN TOTAL CLASSIFICATION CLASSIFICATION NO. OF
| NO. RAW SCORE ON TOTAL RAW ON SEQUENTIAL SEQUENTLIAI ITEMS
| SCORF SCORE REQUIRED
L2 59 good pass 5
* 7 56 indi fferent " 7 !
3 5 6 1" " 10
Lo 56 " fail 7
37 56 I pass 3
[ 2?2 55 U fail 6
| 13 sh " pass 8
L 52 sl " fail 6
§ 13 51 " pass 1
30 h'{ n 1" 5
2 Ls “ " 8
25 Ll Li fail 9
Sk 36 poor " L
56 36 . g 7
] 3‘4 [ " h
12 3)_‘ " 1" 8
31 30 n " 8
33 29 " n 7
i 53 27 " i 6
i LS 25 " " 3
| 28 2l " i 5

| The average mumber of items required to reach a decision in
sequential sampling was only L.42 instead cf 10, a saving of over three

hours in average performarce testing time. The biserial correlation

between original total raw score and sequential pass-fail was .83.

However, it should be noted that this correlation is somewhat contaminated,

and in order to be verified, should be re—computed on data not used tor

standardization of the test.
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